ABSTRACT
INTRODUCTION
Holarrhena antidysenterica, which is also known as Kutaja in India is a plant whose extracts are used in medicines for different ailments like diarrhea, asthma, fevers etc.
1,2 Different parts of Kutaja have been reported for excellent antibacterial activity. 3, 4 The extract from bark of Holarrhena antidysenterica is reported to have anti-diarrheal properties. 5 The fresh juice of bark is considered good to check the diarrhea. In Bleeding and piles, decoction of Kutaja bark is also very useful. Methanolic extract of H.A stem is also effective in IBS(Inflammatory Bowl Disease). 6 Nanotechnology is new emerging research field nowadays. Many synthesis methods are available for nanoparticles like chemical synthesis ,physical synthesis and lately via green chemistry route or biological synthesis using plant and microorganisms.Green synthesis provides advancement over chemical and physical method as it is cost effective, environment friendly, easily scaled up for large scale synthesis and with no need to use high pressure, energy, temperature and toxic chemicals etc. 7 The use of environmentally benign materials like plant leaf extract, bacteria, fungi and enzymes for the synthesis of nanoparticles offers numerous benefits of eco-friendliness and compatibility for pharmaceutical and other biomedical applications as they do not use toxic chemicals for the synthesis protocol. 8 Silver nanoparticles have proved to be most effective as it has good antimicrobial efficacy against bacteria and viruses. The therapeutic effects of silver particles, when suspended in the solution, depend on their particle size, particle concentration and particle shape. Moreover silver in nature is nontoxic. In such an endeavour, crude extracts of the bark of H.A. were tried without and with the inclusion of silver nanoparticles for antimicrobial activity.
MATERIALS AND METHODS

Preparation of H.A. Tincture and Extract
The H.A. plant has been identified and authenticated by Botanical Survey of India, Pune. The stem of H.A. was collected from Karjat, Maharashtra, washed with sterile distilled water, dried and then made it to powder using grinder. For tincture preparation stem powder and ethanol were macerated in 1:2 ratio in glass bottle for 15days in dark and then filtered for further use. For plant extract-1 g of stem powder was mixed with 10 cm 3 of water and boiled for 10 min. The extracts were filtered through Whatman No. 1 filter paper and stored in refrigerator until further use.
Synthesis of AgNPs
AgNPs were synthesized by mixing 9 ml aqueous AgNO 3 solution (1 mM) with 1cm 3 stem extract and incubated the mixture in an ultrasonic bath for 15min for reduction of Ag ions. AgNPs synthesis in the reaction mixture was observed by colour change as shown in Figure 1 .
Characterization of AgNPs UV-Vis Spectral Analysis
The bio-reduction of Ag + ions in each sample was observed periodically followed by the dilution with 2 cm 3 of double distilled water. This AgNP synthesized mixture was scanned in the range of 200 to 800 nm wavelengths under UV-visible spectrophotometer (Model-Shimadzu UV 1800, Germany). The distilled water was used as a baseline as shown in Figure 2 .
FTIR Analysis
For detection of functional groups responsible for reducing and stabilizing AgNPs and H.A. tincture, FTIR analysis was carried out. FTIR spectrum in the range 4000-600 cm -1 at a resolution of 4 cm -1 was used for the analysis of the nanoparticles as shown in Figures 3 and 4 .
TEM Analysis
Transmission electron microscopy (TEM) technique was used to visualize the morphology of the AgNPs. A drop of the AgNPs colloidal solution was placed on carbon coated copper grids and later exposed to infrared light (30 min) for solvent evaporation. TEM observations were performed on Transmission electron microscope (PHILIPS model CM 200) operated at an accelerating voltage of 200 kV with the resolution of 0.22 nm as shown in Figure 5 .
DLS Analysis
DLS (Dynamic Light Scattering) system model Malvern Nano-ZS was employed to analyse the size distribution as shown in Figure 6 .
XRD Analysis
X-ray diffraction (XRD) measurement of AgNPs was carried out using powder X-ray diffractometer instrument in the angle range of 10° -70°operated at a voltage of 40KVand a current of 30mA with Cu Kα radiation in a 2θ configuration. The crystallite domain size was calculated by using Debye -Scherer formula ( Figure 7 ).
Anti-microbial Activity
Antibacterial activity of bio-synthesized AgNPs, H.A. stem tincture and H.A. commercial tincture was determined using Disc diffusion method. For this study both gram positive (Staphyloccus aureus) and Gram negative (E.coli) organisms were used. This was performed by measuring the zone of inhibition, which is rapid and inexpensive to determine the susceptibility of a particular test organism to an antimicrobial agent.
In-vivo study
For in-vivo study, H.A. stem tincture was given to 10 patients of age groups between 2-75 years with dose 8-15 drops (Table 2. ) at Homeopathy Clinic Vile Parle, Mumbai.
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RESULTS
Synthesis of Silver Nanoparticles
The synthesis of AgNPs in the reaction mixture was observed by colour change as shown in Figure 1 .
Characterization of AgNPs UV-Vis Spectroscopy
It is well known that silver nanoparticles exhibit yellowish brown colour in aqueous solution due to excitation of surface plasmon vibrations in silver nanoparticles. 10 It was observed that as the plant extract was mixed in the colourless aqueous solution of the silver ion complex, it started to change the colour from watery to yellowish brown due to reduction of silver ion, which may be the indication of formation of silver nanoparticles. 11 The synthesis of silver nanoparticles was further confirmed by measuring the UV-Vis spectrum of the reaction mixture. The characteristic peaks were observed in between 410 nm-440 nm as shown in the Figure 2 . It is reported that with the size ranging from 2 to 100 nm, this absorption band is assigned to the surface plasmon phenomenon. 12 It may be due to the excitation of Surface Plasmon Resonance (SPR) of the synthesised AgNPs. 13 The SPR band at 430nm confirmed the green synthesis of AgNPs of stem extract. 14 attributed to the -C-O-stretching. 15 The absorbance peak at 1372 cm −1 is assigned to the bending vibration of secondary amines. 16 The peak at 2930 cm −1 is attributed to the bending vibration of alkynes. The broad absorbance peak at 3339 cm −1 is associated with the presence of characteristic hydroxyl functional groups in alcoholic and phenolic compound.
FTIR Analysis
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TEM Analysis TEM provides further insight into the morphology and particle size distribution profile of the AgNPs and revealed pattern similar to the biosynthesized AgNPs characterized using TEM. The data obtained from transmission electron-micrograph showed distinct shape and size of nanoparticles. The particles were spherical in shape in the range of 5~50 nm and uniformly distributed without significant agglomeration as shown in Figure  5 .
DLS Analysis
DLS was employed to analyzing quantitative size distributions and a more precise quantity of mono-dispersity in colloidal solutions. The average particle number was found to be 34.6 nm as shown in Figure 6 which is close to that obtained by TEM measurements.
XRD Analysis
The X-ray diffraction (XRD) pattern of silver nanoparticles synthesized from aqueous H.A. stem extract clearly shows the crystalline nature displaying the structural information. The XRD spectrum analysis indicated two different diffraction peaks at 32.12 °, 46.14 °, 38.01 ° and 43.9° (Figure 7 ). These diffraction lines are obtained at 2θ angles, which have been indexed as (101), (111), (200) and (311) plane of fcc silver by comparing with JCPDS data. Similar observations were reported by Ondari and Nalini for silver nanoparticles synthesized using plant Tridax procumbens.
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The Debye-Scherrer equation was used to determine the average particle size of the nanoparticles.
Where, D is the crystal size of nanoparticles, λ is the wavelength of the X-ray source (1.54 nm) used in XRD, β is the full width at half maximum of the diffraction peak (FWHM), K is the Scherrer constant with a value from 0.9 to 1, and θ is the Bragg angle. According to Debye Scherrer equation the average size was found to be between10-40nm.
Anti-microbial Activity
From in-vitro experiments with bacterial cultures E.coli and S.aureus, the prepared H.A.tincture showed the inhibition improvement by 7.6%, and 20% respectively as compared to commercial tincture as shown in Table 1 . This is represented in Figure 8 and 9 (B and D) . The high antimicrobial activity in the ethanolic tincture may be due to the presence of tannins, flavonoids alkaloids and terpenoids in addition to the reduction of nanoparticles in the tincture. From in-vitro experiments of AgNPs against bacterial cultures E.coli and S.aureus, the AgNPs showed the inhibition improvement by 46.1% against E. coli but no activity was seen against S. aureus as shown in Table 2 . This is represented in Figure 8 and 9 (A and C). The mechanism of bactericidal effect of the silver nanoparticles is not very well known. 20, 21 It may be possible that AgNPs adhere to the cell membrane and disturb its permeability. Binding of AgNP to the bacteria depends upon surface area available for interaction. 22 AgNPs with small size which have a large surface area available for interaction will give more bactericidal effect than the large particle size. 22 It is also possible that AgNPs may penetrate inside the bacteria, causing damage by combining with phosphorus and sulphurous compounds. One more possible mechanism for the antibacterial activity could be the release of Ag + ions from AgNPs. Further, AgNPs revealed to possess an effective antibacterial property against gram negative bacteria and with the reduced particle size, AgNPs improved the culture results at least by 46%. This phenomenon in future can help to reduce drug resistance problem for patients in future. This biosynthesized method facilitates best alternative for both chemical and other physical methods. Hence, the green chemistry approach can be employed in large-scale production and can be used in many medicinal and technological applications. 
